The challenge of tuning an induction accelerator in real time has been addressed with the new TUNE GUIDE code. The code initializes a beam at a particular position using a tracer particle representation of the phase space. The particles are transported, using a matrix formulation, element by element along the beamline assuming that the field of a solenoid, or steering element is constant over its length. The other allowed elements are gaps and drift sections. A great deal of effort has been spent programming TUNE GUIDE to operate under the IBMPC Windows 3.1 system. This system features an intuitive, menu driven interface, which provides an ability to rapidly change beamline component parameter values. Consequently various accelerator setups can be explored and new values determined in real time while the accelerator is operating. In addition the code has the capability of varying a component value over a range and then plotting the resulting beam properties, such as radius or centroid position, at a down stream position. Element parameter editing is also included along with an on-line hyper text oriented help package.
I. INTRODUCTION
An induction accelerator can be tuned in real time with a responsive code having an intuitive graphical interface. The TUNE GUIDE code uses a matrix formulation to reduce the model complexity, and thus the required run time. TUNE GUIDE has been implemented in the Windows 3.1 system to obtain ease of use. The accelerator is modeled as a number of regions of solenoid focus, drift, dipole steering, or accelerating gap. Results are generated by repetitively applying beam line matrix elements to the initial condition. A real accelerator beamline element has a field with a peak value at its center and then diminishes to zero at large distances. The TUNE GUIDE code models beamline elements as constant fields over a specified length and then zero outside this region. The main part of this paper elaborates on the description of the beam line elements in the TUNE GUIDE code.
The matrix models used by TUNE GUIDE are similar to those of other codes [l]. The main difference is the addition of an element consisting of a steering coil and solenoid in the same location. Also to keep run time down and improve realism a method has been used to select input parameters that involves off line element characterization. The best agreement between the code and a real element is obtained by using an effective length and field strength parameter that differs from the actual physical value and is chosen to account for the step function behavior. Complete agreement is not possible with only one or two free parameters. However, a method is described that gives agreement for the basic effects of a solenoid and steering coil. For a solenoid, a procedure is given for selecting the length and the gausdamp parameter that produces the correct phase advance and focusing strength. For a steering coil an equation is determined that provides a transverse gauss/amp parameter which results in the same steering kick as the real coil.
II. SOLENOID BEAMLINE ELEMENT MODEL
A solenoid causes an electron beam to focus and also rotate. These effects begin occurring before the beam enters the starting position of the solenoid coil. In the TUNE GUIDE code model there is no focus or rotation until the beam enters a region of constant field. Also upon exiting the region of constant field the model ceases any focus or rotation. In order to preserve the focus and rotation that really results from the solenoid that is being modeled, it is necessary to calculate what values of solenoid length and gauss/amp should be used in TUNE GUIDE. The values that are derived guarantee equivalence along the axis.
A solenoid field B (0, z ) = GZp,h ( z ) near the axis is modeled as a scaled profile function where G is the gauss/amp parameter, Ips is the power supply current and h (z) is a normalized axial variation function. The condition for equivalent focus is obtained by appealing to an axis expansion of the first order matrix for transport of a beam through a solenoid. The equivalence condition from this method requires that the integral of B2 for the model must equal that of the real solenoid,
where a is a G modification factor resulting in focus strength equivalence (to be determined), Leff is the effective model length of the solenoid and L is the actual solenoid length. Note that a normalized axial variable Z = z / L is used in the Eq.(l) integral.
The condition for equivalent rotation is that the integral of B be the same, Equations (1) and (2) can be solved simultaneously to obtain, 0-7803-1203-1/93%03.00
where G = 27" (1OL (R2 -R,) ) , N is the number of tur R, and R2 are the normalized inner and outer radius resp tively. The corresponding component of the vector potential (3) y2 + (Z -Z' ) and the coordinates are normalized to the so noid length. Since the magnetic field on axis is desired, 1 above expression is expanded about R = 0 keeping only 1 first two terms. Then using the scaled where the effective length and modification factor are specified in terms of the h (Z) profile. The h (Z) profile can be determined fiom analytical expressions for the field. Equations (7) and (8) are used to produce values of Leff/L and a as afunction of A. These values can be used to determine input for the TUNE GUIDE code.
STEERING BEAMLINE ELEMENT MODE

B. Rectangular cross section current model
A steering element causes an electron beam to deflect to tl left, right or up, down, depending on its orientation. T1 At the next level of refinement the analytic model for the solenoid can be based on an azimuthal current that has constant current density in a rectangular cross section. The constant value is, (9) deflection begins occurring before the beam actually arrives the start of the physical coil. To determine the parameter th allows equivalent steering in TUNE GUIDE, it is sufficient concentrate on a steering coil set that creates vertical field. T I goal is then to select the c, gauss/amp parameter so the left right deflection is equivalent to the on axis value which
caused by a real steering element. The condition to be satisfied is given by Eq(13),
On the left side of Eq.(13) is the expression for the steering kick due to a TUNE GUIDE element which only steers over a finite distance. The right side of Eq.(13) is the expression for the total steering caused by a real element. In order to perform this integral the magnetic field of the steering coil is expressed in terms of components of the vector potential.
The steering coil currents that flow in the theta direction contribute to A, and the currents in the axial or z direction contrib- The first two terms on the right side of Eq.(15) are steering field contributions at great distance from the steering coil. The formula to within a constant, for A, is given below.
The integral on the right of Eq.(16) has Z in the denominator and thus as Z gets large the integral becomes small, so the A, terms of Eq.(15) vanish. This means that [ is completely specified by A,. To determine this component of the vector potential the longitudinal current of the steering coil is modeled as a sheet,
where a is the sheet radius and N is the number of turns. The sheet current has a variable length in angle about the axis and this feature appears below in the z l i m i t s of integration. The axial component of the vector potential is then,
